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論 文 内 容 要 旨          
Once tsunami or storm deposits can be identified, (1) inundation area of tsunami or storm wave/surge in the prehistoric age, and (2) recurrence 
interval of tsunami or storm can be estimated. However, sedimentological characteristics of both deposits are very similar. For appropriate risk 
assessment at coastal region, tsunami and storm deposits are needed to be reasonably identified. The differentiation of tsunami and storm deposit has 
been conducted mainly based on geological approach. However, it is believed that distribution distance of storm and tsunami deposit is changed due to 
topography or wave input condition. Because studies which reported deposit over land formed by recent tsunami or storm wave/surge are limited, so 
that revealing variety of tsunami or storm deposit only based on field survey is very difficult. Thus, in order to identify tsunami and storm deposit in 
many coastal regions or in many hydrographic conditions, distribution characteristic of the deposit has to be examined based on numerical modeling by 
changing topography or wave input condition. The objective of this study is proposing hydraulic identification method of sand and boulder deposits by 
tsunami and storm waves by quantitatively examining distribution trends of both deposits based on numerical calculations.
In the Section 2, I examined the differentiation of tsunami and storm deposits based on numerical modeling of sand transport simulation during 
tsunami and storm wave. As a result of numerical calculation on ideal topography conditions, I revealed the parameters which mostly contribute to the 
distribution of sandy tsunami and storm deposits and inundation limits of tsunami or storm wave. The parameters which mostly contribute to 
inundation distance of storm wave were land slope and initial water level rise. In contrast, the parameters which mostly contribute to inundation 
distance of tsunami were land slope and input wave condition. The parameters which mostly contribute to distribution distance of sandy storm deposit
were land slope and initial water level rise. While, the parameters that mostly contribute to distribution distance of tsunami deposit were topography 
condition and input wave condition. Indeed, some studies identified sandy tsunami deposit based on the fact that the distribution limit of sandy storm 
deposit is short compared to sandy tsunami deposits. For using the same method to identify sandy tsunami deposit, knowing what factors affect to the 
inundation of tsunami and storm wave or distribution of sandy deposit would be very effective. The parameters which mostly contribute to storm 
deposit volume over land was initial water level rise and height of sand dune. The computed storm deposit volume over land was less than 89 m2 in 
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any cases, and the volume is much less than the volume of tsunami deposit. Thus, confirming deposit volume over land is valid for differentiating 
tsunami or storm deposit. While, the parameters that mostly contribute to deposit volume over land of tsunami deposit were topography condition and 
input wave condition. As a result of two-dimensional simulation of sand transport during tsunami and storm wave on the Sendai Plain, the deposit
volume of sandy storm deposit also become small competed to that of tsunami deposits. Therefore, the total deposit volume could also be a useful 
proxy to differentiate tsunami and storm deposits.
The identification criteria of sandy tsunami and storm deposits was proposed based on the result of my numerical simulation on ideal topography 
condition and literature review as shown in Figure 1. The differentiation of tsunami and storm deposits is necessary to be performed based on 
multi-proxy analyses of criteria. Thus, the sedimentological characteristics of tsunami and storm deposit shown in Figure 1 should be used as one of the 
many criteria and the combination of these criteria is important for appropriate identification. I also developed database with the program which can 
search the results of calculation on ideal topography condition. Using this program, the computed inundation limit of tsunami and storm wave, and 
distribution of sandy tsunami and storm deposits can be estimated by inputting topography condition or input wave condition of tsunami or storm 
wave: inundation limit of both waves or distribution limit of both deposits can be simply estimated if topography condition or input wave condition at 
targeted area can be assumed. Researchers, who don’t handle numerical simulation, can roughly estimate limits of sediment distribution by tsunami 
and storm wave at targeted area before the field survey. This will be useful to help decision of the drilling sites.
In the Section 3, I examined the differentiation of tsunami and storm boulder by numerical modeling. As a result, the parameters which contribute to 
the distribution of tsunami or storm boulders were revealed. The parameters that mostly contribute to the maximum position of storm boulder reached 
were boulder density, sea slope, and input wave condition. In contrast, the parameters that mostly contribute to the maximum position of tsunami 
boulder reached were the land slope and input wave condition. Based on my calculation, the computed distribution distance of storm boulder generally 
become small compared to tsunami boulder. Knowing the parameters which contribute to distribution of tsunami or storm boulder would be very 
effective for identifying tsunami boulder based on the fact that distribution distance of storm boulder is small compared to tsunami boulder.
I examined whether discrimination of tsunami or storm boulder can be conducted using numerical modeling of storm wave on reef topography of 
Ishigaki Island, Japan. In this area, tsunami and storm waves have emplaced numerous boulders on the reef and the coast. By conducting numerical 
calculations of storm waves in this region, I estimated the size of a storm wave that can explain the maximum clast size distribution of boulders on the 
reef. Consequently, I showed that a wave with a combination of 8 m in initial wave height and 10 s period can satisfy the above conditions when mean 
sea level was assumed. In contrast to the boulders on the reef, all boulders deposited along the shore are heavier than the calculated possible maximum 
clast size distribution by the storm wave. Therefore, I confirmed these boulders as being of tsunami origin. 
I also examined whether discrimination of tsunami or storm boulder distributed on cliff topography can be conducted using numerical modeling at 
the northwest of Hachijo Island, Japan. At this site, basalt boulders are distributed on 5 m height of the cliff. After the model for cliff-top boulder 
deposition was developed and validated based on the water tank experiment, I conducted model simulations of boulder transport by coastal waves 
(tsunami and storm wave). In case of tsunami, boulders were transported up to several hundred meters inland from the cliff edge, and its distribution 
distance was much longer than the actual distribution at the site. The actual distribution of boulders was explained better by with a reasonable storm 
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were boulder density, sea slope, and input wave condition. In contrast, the parameters that mostly contribute to the maximum position of tsunami 
boulder reached were the land slope and input wave condition. Based on my calculation, the computed distribution distance of storm boulder generally 
become small compared to tsunami boulder. Knowing the parameters which contribute to distribution of tsunami or storm boulder would be very 
effective for identifying tsunami boulder based on the fact that distribution distance of storm boulder is small compared to tsunami boulder.
I examined whether discrimination of tsunami or storm boulder can be conducted using numerical modeling of storm wave on reef topography of 
Ishigaki Island, Japan. In this area, tsunami and storm waves have emplaced numerous boulders on the reef and the coast. By conducting numerical 
calculations of storm waves in this region, I estimated the size of a storm wave that can explain the maximum clast size distribution of boulders on the 
reef. Consequently, I showed that a wave with a combination of 8 m in initial wave height and 10 s period can satisfy the above conditions when mean 
sea level was assumed. In contrast to the boulders on the reef, all boulders deposited along the shore are heavier than the calculated possible maximum 
clast size distribution by the storm wave. Therefore, I confirmed these boulders as being of tsunami origin. 
I also examined whether discrimination of tsunami or storm boulder distributed on cliff topography can be conducted using numerical modeling at 
the northwest of Hachijo Island, Japan. At this site, basalt boulders are distributed on 5 m height of the cliff. After the model for cliff-top boulder 
deposition was developed and validated based on the water tank experiment, I conducted model simulations of boulder transport by coastal waves 
(tsunami and storm wave). In case of tsunami, boulders were transported up to several hundred meters inland from the cliff edge, and its distribution 
distance was much longer than the actual distribution at the site. The actual distribution of boulders was explained better by with a reasonable storm 
wave height without assumption of anomalously high-water level by storm surge. According to the calculation of boulder transport from the cliff edge 
or under the cliff onto the cliff-top, the cliff-top deposition was possible from a tsunami with periods of 5~10 min or storm waves with no storm surge. 
Storm wave can explain all three processes of boulder transport: (1) from the bottom onto the cliff, (2) from the cliff edge onto the cliff, and (3) boulder 
transport on the cliff toward inland. Thus, it is reasonable to conclude that the boulders at Hachijo Island have storm wave origins.
The identification criteria of tsunami and storm boulders was also proposed based on the results of boulder transport simulation due to tsunami and 
storm wave on ideal topography condition and literature review as shown in Figure 2. As a result of boulder transport simulation during tsunami and 
storm wave, the distribution distance of storm boulder was less than 2.6×102 m in any cases. Thus, in any topography condition or input wave condition,
 
Figure 1 Differences in typical physical characteristics of sedimentary sand deposits formed by tsunamis and extreme storms
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the distribution distance which is more than 2.6×102 m can’t be explained by storm wave; tsunami origin is plausible. However, in this calculation, 
uniform bathymetry and topography slope was used. Thus, the above method can’t be used in reef or cliff topography.
In principle, storm wave period is shorter than tsunami wave period so that the duration of wave force acts on boulder become shorter than tsunami 
wave, and the attenuation of storm wave force toward inland is high compared to tsunami wave. Thus, storm waves generally leave boulder ridges, or 
leave boulders in small range. For instance, the storm boulders located at Ishigaki Island, Japan are not formed as ridge, but they are distributed in small 
range (within ~239 m from the reef edge). In contrast, observed tsunamis did not form such ridges. Moreover, the distributed distance among each 
boulder become long because a duration of tsunami wave force acts on boulder is long. Thus, confirming whether boulders are distributed in small 
range or wide range is also effective for differentiating tsunami or storm boulder.
For practical use, I developed database with the program which can search computed distribution distance of tsunami and storm boulder by inputting 
topography condition or input wave condition of tsunami or storm wave. Using this program, distribution distance of boulder induced by both waves 
can be simply estimated if topography condition or input wave condition at targeted area can be known. Thus, researchers who don’t handle numerical 
simulation can roughly estimate distribution distance of boulder by tsunami and storm wave at targeted area before the field survey.
The novelty of my research is that I proposed multi-proxy identification method of tsunami and storm deposits using numerical simulation and 
geological information. Using the method and criteria proposed in this study, identification of tsunami and storm deposits can reasonably be conducted. 
Once the tsunami or storm deposits are appropriately identified, size or recurrence interval of extreme waves can be examined, which will be useful for 
future risk assessment at coastal area in the world.
Figure 2 Differences in typical physical characteristics of coastal boulders formed by tsunamis and extreme storms
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